Angiotensin І-converting enzyme (ACE) [EC 3.4.15.1] plays one of important roles to control the arterial blood pressure. Inhibitory activity of the enzyme has been reportedly detected in plant foods.
Introduction
Hypertension is one of the major risk factors for cardiovascular disease and is estimated to affect one-third of the population in the world. The arterial blood pressure is controlled with the rennin-angiotensin-aldosterone system. In them, angiotensin І-converting enzyme (ACE) plays one of important roles to control the arterial blood pressure, and mineral balance. The enzyme catalyzes the hydrolysis of angiotensin І to angiotensin II, a potent vasoconstrictor (Guerrero et al., 2012) . Angiotensin II also stimulates the release of aldosterone from the cortex in adrenal gland to control the mineral balance. As the inhibitors for ACE, captopril and other drugs, are used for treatment of hypertension, the inhibition activity in several foods was examined to find the inhibitors in foods. From them we chose soybeans and isolated the inhibitor. The compound was an amino acid, and the structure was identified as nicotianamine (NA) (Takahashi et al., 2003) (Figure 1 ). N-[N-(3-amino-3carboxypropyl)-3-amino-3-carboxypropyl] -azetidine-2-carboxylic acid
Materials and Methods

Materials
Plant foods, soybeans (Glycine max, harvested in October in Hokkaido, Japan) and related products, were purchased from a local store in Okayama, Japan. 
Preparation of Plant Food Samples for ACE Inhibition Assay
Each food type (1.0 g) was homogenized three-times with 50% aqueous ethanol solution (5.0 mL) for 5 min. Then, the mixture was centrifuged at 3000 rpm for 10 min, and the supernatants were collected. The mixture was evaporated, and the residue (sample) was stored in a freezer (-20ºC) until use.
ACE Inhibition Assay
The inhibitory activity was assayed by a modified method (Cushman & Cheung, 1971) . The sample was dissolved with 1.0 mL of 200 mM borate buffer (pH8.3). The sample solution 20 µL was added to 50 µL reaction mixture containing ACE (0.2 units) and preincubated at 37ºC for 5 min. Then, 7.7 mM hippuryl-L-histdiyl-L-leucine 130 µL was added and reacted for 30 min. The reaction was stopped by the addition of 10 % trifluoroacetic acid 30 µL, and the mixture was analyzed by HPLC at 228 nm.
Isolation of a Compound from Soybeans Having ACE Inhibition Activity
Soybeans (500 g) were homogenized with mixer for 5 min. The mixture was extracted three-times with hot water (95ºC, 2.5 L) for 30 min, and the extract was washed three-times with ethyl acetate and then n-butanol. The water layer was applied to a cation-exchange column (Amberlite IR-120B, H + -form, Φ4.0×40 cm). The column was eluted with water and then 0.5 M aqueous ammonia solution. The ammonia fraction was collected and evaporated, and the residue was applied to an anion-exchange column (Dowex 1×4, acetate-form, Φ2.0×34 cm). The column was eluted with water and then 0.1 M acetic acid. The fractions containing high inhibitory activity were collected and then applied to a gel filtration column (Sephadex LH-20, Φ2.0×27 cm). The column was eluted with water. The high activity fractions were collected and purified with TLC (silica gel, 0.2 x 20 x 20 cm; ammonia: n-propanol = 1: 1). One hundred sixty eight mg (Yield= 0.034 %) of a compound were isolated, and the structure was identified as NA using ESI-MS (electrospray ionization mass spectrometry) of AccuTOF CS (JEOL Ltd., Tokyo) and 400Mz 1 HNMR (JEOL Ltd., Tokyo).
Determination of NA Contents in Soybean Food
Soymilk, okara (soybean curd lees), kinu curd (tofu), momen curd (tofu), natto (fermented soybeans), soy sauce (fermented), and soybean paste (fermented), were directly purchased from the store. Each soybean food (1.0 g) was immediately homogenized and extracted three-times with hot water. The extract was washed with organic solvents, and the water layer was purified using an Amberlite IR-120B column. The ammonia fraction was evaporated. The residue was dissolved with 0.02M HCl. The solution (20 µL) was analyzed by an amino acid analyzer L-8800 (Hitachi Co. Ltd., Tokyo).
Inhibition of Lipoxygenase with NA
To 0.1M sodium borate buffer (pH 9.0) 2.97 mL at 25ºC, 10 µL of 0.52 µM lipoxygenase and 5 µL of 0.5 -100 mM aqueous NA solution were added. The reaction was started by the addition of 15 µL of 3.0 mM linoleic acid and the mixture was reacted at 25ºC for 5 min, with the absorbance at 234 nm continuously recorded for 5 min (Rickert & Klinman, 1999) .
Inhibition of Collagenase with NA
This assay was performed with a modified method (Thring, Hili & Naughton, 2009 ) using microcuvettes (50 µL). A mixture of 22.5 µL of 50 mM Tricine buffer (pH 7.5) containing 400 mM NaCl, 10 mM CaCl 2 , 25.0 µL of 1.875 -120 mM NA solution and 12.5 µL of collagenase (Chostridum histolytium, 8.0 unit/mL) was put into microcuvette. The mixture was preincubated at 25ºC for 15 min. To start the reaction, 40 µL of 2.0 mM N-[3-(2-furyl) acryloyl]-Leu-Gly-Pro-Ala in Tricine buffer were added, and the absorbance was continuously recorded at 345 nm for 20 min.
Binding of NA with Metal Salts
Each iron, copper or zinc sulfate (0-10 mM) solution was added to aqueous 5 mM NA solution, and the solution was directly analyzed by negative ESI-MS (Tsujimoto, Hayashi, Ha, & Kubo, 2007) .
Results
ACE Inhibition in Plant Foods
Each plant food was extracted with 50% aqueous ethanol solution, and the ACE inhibition activity was examined at 3.0 mg / mL (final concentration of sample). The results are summarized in 
Inhibition of ACE and Other Metalloenzymes with NA
Inhibition of metalloenzymes by NA is shown in Table 2 . ACE, lipoxygenase and collagenase activities were inhibited by NA. . These results demonstrate that NA and metal form a complex compound consisting of the metal and NA in a 1:1 ratio as indicated in Figure 4 . 
Effect of Metal on the ACE Inhibition Activity of NA
When 10 µM (final concentration) of NA were added to the ACE assay mixture, ACE activity was perfectly inhibited (ACE inhibition = 100%). The ACE inhibition with NA (> 95%) was kept in the presence of 80 µM Fe 2 (SO 4 ) 3 , 150 µM CuSO 4 or 150 µM ZnSO 4 .
Discussion
ACE inhibition in plant foods was indicated in Table 1 . From the high inhibitory activity and easy availability of soybeans, we chose soybeans. The active inhibitor in soybeans was extracted with hot water and was purified by using several application of column chromatography. The structure of the inhibitor was identified as NA from the NMR and MS spectra. NA is an amino acid and is soluble to water. This may be a reason why the inhibition activity in the sample extracted with hot water was higher than that extracted with ethanol solution. ACE inhibition activity of NA is considerable compared to that of captopril (IC 50 = 22 nM) (Fujita & Yoshikawa, 1999) . NA content in soybeans and related foods was indicated in Figure 3 . The content in soybeans is comparatively higher than the content in morokheiya (Corchorus olitorius) (Kimoto et al., 1998) , and hayatouri (Sechium edule) (Hayashi, Nakayama, Aoyagi, & Kimoto, 2005) . The NA content in the products prepared from soybeans was also high but was reduced when soybeans were fermented. This observation might be supported by the low content of NA in soy sauce reported (Kinoshita, Yamakoshi, & Kikuchi, 1993; Kataoka, 2005) .
ACE is a metalloenzyme having a zinc atom. That is inhibited by the addition of NA or EDTA (Hayashi & Kimoto, 2007; Williams, Corvol, & Soubrier, 1994) . NA has a chelation capacity and also specific inhibitory effects on serum and aortic ACEs. However, NA is not the inhibitor of leucine aminopeptidase and alkaline phosphatase (zinc-containing enzymes). It is still unclear whether there is NA for other metalloenzymes. Therefore, we examined the effects of NA on the activity of certain metalloenzymes (Table 2) . Collagenase has a zinc atom in the active center and the zinc ligands of the active site were similar with those of ACE (Soubrier et al., 1988) , while lipoxygenase has a ferrous or ferric atom, non-heme, in the active site (Meyer, Tomchick & Klinman, 2008) . Both collagenase and lipoxygenase were inhibited by addition of NA. As it was reported that the IC 50 value of anacardic acid for lipoxygenase was 6.8 µM (Tsujimoto et al., 2007) and that of EDTA for collagenase was 580 µM (Barla et al., 2009) , we deduced that inhibitory activity of NA was in part associated with its chelation capacity. The complex formations of NA with metals were examined by using negative ESI-MS. In the ESI-MS of NA in the presence of zinc sulfate, Fe(II) sulfate, and Fe(III) sulfate, respectively, the base peaks indicated that NA formed chelation adducts with all of these metals, and that these adducts consisted of a metal and a NA molecule (in a ratio of 1: 1) as shown in Figure 4 . Therefore, NA inhibits the enzymatic activity when it is able to bind the metal in the active site of metalloenzymes. On the other hand, it is suggested that the ACE inhibition activity by NA is suppressed with metal content in the media. ACE inhibition activity with NA was examined in the presence of metals. The result suggests that metal content in blood under normal blood conditions (Ohno & Sakai, 1997) does not affect ACE inhibition, and it is deduced that NA effectively lowers blood pressure when NA in foods is absorbed. Further studies are underway.
